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NOMENCLATURE 


ALPHA 

AT 

BL 

BT 

b 

CDI  ’ 

CDP 

CL 

CLM 

C 


DELT 

M 

MRC 

MS 

PT 

RUN 

S 

WL 

XMC 

ZMC 


Model  angle  of  attack  (positive  nose  toward, 
tunnel  floor) ,  deg 

.  .  2 
Horizontal  tail  reference  area,  2.4  ft 

Model  buttock  line,  in. 

Horizontal  tail  reference'  span,  29.33  in. 

Model  reference  span,  59.33  in. 

Internal  duct  drag  coef ficient/force/QS 
(see  Fig.  5) 

Nozzle  plug  drag  coefficient,  force/QS 
(see  Fig.  5) 

Lift  coefficient,  force/QS 

Pitching-moment  coefficient,  moment/QSc 

Model  reference  chord,  20.96  in. 

Horizontal  tail  deflection  angle  (positive 
leading  edge  toward  tunnel  floor) ,  deg 

Free-stream  Mach  number 

Model  moment  reference  center 

Model  station,  in. 

Free-stream  total  pressure,  psfa 

Run  number  (a  data  subset  containing  variables 
of  only  one  independent  parameter) 

2 

Model  reference  area,  8.39  ft 
Model  water  line,  in. 

Location  of  the  moment  reference  center  along 
the  model  X  axis,  89.272  in. 

Location  of  the  moment  reference  center  along 
the  model  Z  axis,  29.468  in. 
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1.0  INTRODUCTION 

The  York  reported  herein  was  conducted  by  the  Arnold 
Engineering  Development  Center  (AEDC) ,  Air  Force  Systems 
Command  (AFSC) .  The  program  was  sponsored  by  the  Arnold 
Engineering  Development  Center  (AEDC/DOT)  ,  for  the  ARO, 

Inc.,  AEDC  Division,  and  General  Dynamics,  Convair  Division, 
under  Program  Element  62201F.  The  test  results  were 
obtained  by  ARO,  Inc.,  AEDC  Division  (a  Sverdrup  Corporation 
Company) ,  operating  contractor  of  the  AEDC.  The  test  was 
conducted  In  the  Propulsion  Wind  Tunnel  Facility  (PWT) , 
Propulsion  Wind  Tunnel  (16T)  during  the  period  from 
September  4  through  6,  1979  and  November  17  through  22, 

1979,  under  ARO  Project  Number  P41T-A0. 

The  objectives  of  this  test  ware  to  further  develop 
and  refine  a  computer  controlled  self-optimizing  wing  for 
continued  investigation  of  optimum  wing  contours  for 
specific  mission  profiles.  A  previous  series  of ^ tests  of 
this  model  is  reported  in  Ref.  1.  .  • 

The  purpose  of  this  report  is  to  document  the  test  and 
to  describe  the  test  parameters.  The  report  provides 
information  to  permit  use  of  the  data  but  does  not  include; 
any  data  analysis,  v/hich  is  beyonc  the  scope  of  .this  report. 


Requests  for  data  should  be  addressed  to  the  Arnold  Engi¬ 
neering  Development  Center  (AEDC/DCT) ,  Arnold  Air  Force  Station 
TN  37389.  A  copy  of'  the  final  data  is  on  file  on  microfilm  at 
the  AEDC. 


2 . 0  APPARATUS 


2.1  TEST  FACILITY 

The  AEDC  Propulsion  Wind  Tunnel  (16T)  is  a  variable 
density,  continuous- flow  tunnel  capable  of  being  operated 
at  Mach  numbers  from  0.2  to  1.5  and  stagnation  pressures 
from  120  to  4000  psfa.  The  maximum  attainable  Mach  number 
can  vary  slightly  depending  upon  the  tunnel  pressure  ratio 
requirements  with  a  particular  test  installation.  The 
maximum  stagnation  pressure  attainable  is  a  function  of 
Mach  number  and  available  electrical  power.  The  tunnel  stag¬ 
nation  temperature  can  be  varied  from  about  80  to  160°F 
depending  upon  the  cooling  water  temperature.  The  tunnel 
is  equipped  with  a  scavenging  system  which  removes  com¬ 
bustion  products  when  testing  with  rocket  motors  or  turbo¬ 
engines.  The  test  section  is  16  ft  square  by  40  ft  long  . 
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and  enclosed  by  60-deg  inclined-hole  perforated  walls  of 
six-percent:  porosity.  The  general  arrangement  of  the  test 
section  and  the  test  article  location  is  shown  in  Fig.  1. 
Additional  information  about  the  tunnel,  its  capabilities, 
and  operating  characteristics  is  Dissented  in  Ref.  2. 

2.2  TEST  ARTICLE 

The  test  article  was  a  1/6-scale  semi-span  model  of 
an  AFTI-lll  concept,  consisting  of  a  fuselage  with  a  flow¬ 
through  nacelle,  a  remotely  moveabJe  horizontal  tail,  and 
a  variable  geometry  wing.  The  test  article  was  mounted 
inverted  on  a  sidewall  mounted  reflection  plane  as  shown 
in  Fig.  2.  Model  details  are  shown  in  Fig.'  3.  There  were 
ten  remotely  controllable,  hydraulic  actuator  systems  used 
to  vary  wing  airfoil  shape  and  one  actuator  to  vary  the  angle 
of  the  horizontal  tail.  The  same  model  was  used  for  a 
previous  test  and  is  described  in  detail  in  Ref.  1. 
Modifications  to  that  model  for  this  test  include:  improved 
seals  between  the  glove  and  fuselage,  improved  hydraulic 
system,  improved  actuators  and  readout  systems,  a  new  wing 
leading  edge,  and  the  addition  of  a  remotely  variable 
horizontal  tail. 

During  the  September  4  through  6,  1979  entry,  the  wing 
leading  edge  failed.  Therefore,  another  leading  edge  was 
designed  and  fabricated  for  the  November  entry.  Additional 
model  modification  details  are  documented  in  Ref.  3. 

2 . 3  INSTRUMENTATION 

A  newly  designed,  fabricated,  and  calibrated  five- 
component  strain  gage  balance  was  used  to  measure  the  total 
forces  and  moments  on  the  model.  A  strain  gage  instrumented 
rod  was  used  to  determine  the  hinge  moment  for  the  horizon-.' 
tal  tail.  The  wing  spar  was  instrumented  near  the  root  with 
strain  gages  to  determine  the  wing  root  bending  moment. 

Model  pitch  angle  was  determined  from  the  output  of  a 
syncrotransmitter .  An  angular  position  indicator  was 
mounted  in  the  nose  of  the  model  to  give  an  independent  angle 
of  attack  reading.  Actuator  positions  (including  tail 
positions)  were  determined  from  potentiometer  outputs. 

Model  mounted  pressure  transducers  were  used  to  determine 
hydraulic  pressures,  two  wing  trailing  edge  pressures,  four 
internal  wing  pressures  (two  near  the' leading  edge  and  two 
near  the  trailing  edge) ,  and  two  wing  surface  static  pres¬ 
sures  . 

Electrical  signals  from  all  instrumentation  were 
digitized  for  on-line  data  reduction  and  displayed  by  the 
facility  computer.  Data  were  transmitted  to  an  IBM  370/165 
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computer  for  on-line  data  evaluation  and  comparative 
analysis  using  an  interactive  graphics  system. 

3.0  TEST  DESCRIPTION 

3.1  TEST  CONDITIONS  AND  PROCEDURES 

Data  were  obtained  by  establishing  the  desired  tunnel 
conditions  and  recording  steady-state  data.  Data  were 
obtained  at  Mach  numbers  0.6  and  0.85.  There  were  three 
types  of  runs:  (1)  preliminary  pitch  runs,  (2)  optimization 

runs  and  evaluation  pitch  runs,  and  (3)  parametric  runs. 

For  the  preliminary  pitch  runs  and  the  evaluation  pitch 
runs,  data  were  obtained  over  an  angle-of-attack  range  of 
0  to  about  8  deg.  Some  parametric  runs  were  made  where 
the  horizontal  tail  was  varied  from  -4  to  10  deg  to  deter¬ 
mine  the  effects  of  tail  position  on  the  pitching  moment. 
Other  parametric  runs  were  made  whore  the  wing  airfoil 
shape  actuators  were  varied  over  their  operating  range. 

For  optimization  runs,  the  wing  shape,  angle  of 
attack,  and  tail  deflection  angle  were  varied  in  a  manner 
to  maximize  or  minimize  various  merit  functions.  The  merit 
function  for  this  test  minimized  drag  coefficient  at  a 
constant  lift  coefficient. 

All  s beady-state  measurements  were  sequentially 
recorded  by  the  facility  on-line  computer  system,  which 
reduced  the  data  to  engineering  units,  further  processed 
the  data  to  obtain  the  required  model  parameters,  tabulated 
the  data  in  the  Tunnel  16T  control  room,  recorded  the  data 
on  magnetic  tape,  and  transmitted  the  data  to  the  AEDC 
central  computer  file.  The  data  stored  in  the  central  com¬ 
puter  file  were  generally  available  for  plotting  and 
analysis  on  the  PWT  Interactive  Graphics  System  within  30 
seconds  after  data  acquisition.  The  immediate  availability 
of  the  tabulated  and  plotted  data  permitted  continual  on¬ 
line  monitoring  of  the  test  results.  A  typical  data  plot 
generated  by  the  Interactive  Graphics  System  is  shown  in 
Fig.  4.  For  this  test,  data  from  the  previous  entry,  Ref. 

1,  were  also  stored  on  the  AEDC  central  computer  file  for 
comparison. 


3 . 2  CORRECTIONS 

The  model  attitude  was  corrected  for  balance  deflec¬ 
tions.  Based  on  the  results  for  the  previous  entry.  Ref. 

1,  the  drag  was  corrected  for  plug  drag  and  internal  duct 
drag  (see  Fig.  5) .  Model  forces  and  moments  were  corrected 
for  static  weight  tares. 
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3.3  DATA  REDUCTION 


The  forces  and. moments  and  pressures  were  nondignen- 
sionalized  using  the  model  reference  constants  (b,  c,  and 
S) ,  and  weie  resolved  into  the  body  axes  system  about  the 
moment  reference  center,  which  is  shown  in  Fig.  -3.  The 
horizontal  tail  hinge  moment  was  referenced  to  the  tail 
hinge  line  (see  Fig.  3) ,  positive  leading  edge  toward  the 
floor,  and  nondimensionalized  using  the  tail  reference 
constants-  (AT  ,  BT )  . 

3.4  UNCERTAINTY  OF  MEASUREMENTS 

Uncertainties  (combinations  of  systematic  and  random 
errors)  of  the  basic  tunnel  parameters,  shown  in  Fig,  6, 
were  estimated  from  repeat  calibrations  of  the  instrumenta¬ 
tion  and  from  the  repeatability  and  uniformity  of  the  test 
section  flow  during  tunnel  calibration.  Uncertainties  in 
the  instrumentation  systems  were  estimated  from  repeat  cali¬ 
bration  of  the  systems  against  secondary  standards  whose 
uncertainties  are  traceable  to  the  National  Bureau  of 
Standards  calibration  equipment.  The  tunnel  parameter  and 
instrument  uncertainties,  for  a  95%  confidence  level,  are 
combined  using  the  Taylor  series  method  of  error  propagation 
described  in  Ref.  4  to  determine  the  uncertainties  of  the 
reduced  parameters  shown  below. 


M 

ALPHA,  'leg 

±UCL 

±UCD 

+UCLL 

±UCLM  ' 

+UCLN 

0.60 

0 

0.0039 

0.0012 

0.0013 

0.0011 

0.0007 

0.85 

0 

0.0031 

0.0009 

0.0011 

0.0008 

0.0006 

0.85 

4 

0.0036 

0.0012 

0.0017 

0.0009 

0.0006 

Figure  4 ' shows  a  comparison  of  repeat  data.  In  both 
runs  data  were  obtained  while  increasing  and  decreasing 
angle  of  attack  to  show  any  hysteresis  effects. 

4.0  DATA  PACKAGE  PRESENTATION 

The  data  package  contained  1)  tabulated  data  sheets 
listing  all  test  parameters,  2)  digital  magnetic  computer 
tapes,  3)  test  article  installation  photographs,  4)  appropri¬ 
ate  test  logs  for  identification  of  test  runs  and  test 
conditions,  and  5)  a  copy  of  this  test  summary  report.  An 
example  of  the  tabulated  data  is  shown  in  Table  1.  All 
parameters  on  the  data  are  defined  in  Table  2 . 
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Figure  5.  Internal  Drag  and  Plug  Drag  Coefficient  Corrections 
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Table  1.  Test  Program  Summary 


Run 

M 

- = - - — - — — , 

ALPHA 

DELT 

Comments 

221 

0.60 

Vary 

—  i 

4 

W52  (baseline)  leading 

edge  failed 

240 

in 

00- 

# 

o 

Vary 

-i 

4 

W52  (off  contour) 

242 

I 

V'5  2 

243 

Vary 

Parametric  (CL-CLM) 

244 

! 

-< 
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W52 

246 

0.60  j 

W52 
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W52 
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W52 
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Vary 

Parametric  (CL-CLM)’ 
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Preliminary  (CL  Trim 

> 

Table ) 
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4 

Optimization  (00. 4)  (No  Con- 

vergence) 
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Optimization  (00.25  (Mo 

Convergence) 
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4 

Parametric  (Actuators) 
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Parametric  (Actuators) 
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W52 
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Optimization (CL=0 . 4 ) 

Untrimmed 
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Parametric  (CL-CLM) 

261 

Preliminary  (CL  Trim  Table) 
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W52 
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J 
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4  ! 
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- 

t 

Evaluation (Hysteresis 

Check ) 
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0.  60 
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—  i 

4  . 

T75 2  (Hysteresis  Check) 
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1 
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4 

ii  m 
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-  - 
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H  ii 
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Optimization  (CL=0.50  Un- . 

■ 

r 

trimmed) 
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Vary 

Parametric  (CL-CLM) 

300 

Preliminary  CL  Trim  Table) 
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Optimization  (CL=0.50  Trimmed) 

failed  to  change  Run  No. ) 
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Optimization  (CL=0 . 25  Trimmed) 

304 

Evaluation 
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v 

t 

W52 
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.  Table  2.  Sample  Tabulated  Data  Printout 

..  a  ho.  inc,  .  .  ...  . _ _ 1 _ : _ _ 

AtDC  DIVISION 

.  ..a  sverdrup  corporation  company _ _ _ _ _ 
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221  l4  P4H-ACA  TF-531  9/  6/79  249  1  3  1  16  8 5 i  ""  9  “  352'  6-sEp-79  220/  1  10  2. 

.  PT  p  o  '  REX10-6  TT  "  TTR  H  "  PC  DP  HA  TPR  $HX1U*3 

_ ,  6  0  0  _2  5  2 1 1 8_.l_9  8  2 1 1  4  9  9  , _i  __  3 . 8  7  3  2  568.9  *  7_9aj, _ 1999,8  528. 0  0«01  Xllll  i3»903 _ : _ _ 

ALPHAH  aLPHaH  _  AlPHA  DELr  aLFHAi_  aLFD  _ _ _ _ ALPHaT  PEFLT  DEL?  CBQX _ SWEEP _ 

5 , 9  o  6,90  5.94"  -  o  •  0  3  5 . 9  o  6,qI  ’  «l3  oTp  =TTo7  ToQ4qq  26 


All  AjjA  A  i  2  S  Aj3  Ai5  AA6  A21  A22A  A22d  A23  A25  "A26 

32,  _  7  6  t  -202* _ 2^0  i  _249  ,  25J, _  73.  *76.  2e6,_l49, _ 257  , , _ 3o3, 

U 1 0  0  *3,48  -9.Q5  -0,79  -0.01  0 »  03  0.00  *1.48  0,72  -2,01  6.15  1 « 0? 


bODT  CNU 

*XJS  0.5145 

CaU 

0.0177 

CN 

0.5145 

CA  CLL  CLH  .  CLN  CAC  CjF 

0 , 0177  o«39o5  0»1264  0*000®  0.0177  0.0000 

stability  cl 

.  CD 

CLLS 

CLPS  cLNS  CDU  CDl 

CUP 

* 

AXIS  0.5100 

Q.0610 

0.3885 

0 . 1 2 6 4  -0.0393  0 . 0 7 65  0.0095  0~7 

OUOO 

ORl  CR2 

0.9297  0*2444 

D«4 

-2,5288 

[R5 

1.4369 

CR4  U  L2  l«  L5 

0.0636  2159.  *18, *>18697.  75683. 

'-6 

1073. 

TN51 

4,6 

TYST“ 

130*0 

flrST^  HH5 1  MN5T 

210*0  *7.®  2454, 

FNG  FYG  MLO 

MHG 

PNG 

FN  FT  HL  HM 

MN 

fnac  Faac 

HLAC  MMAC 

MNAC 

2159,  56.-16697 

,  75683  . 

18  73  . 

2155.  *74»-i89q7»  756Vi« 

°£El7 

74.  y/027.  11097, 

~4427  :  “ 

H  M  S  RBRHS 

0,0 

AHRNS 

0.0 

STEADY 

.state 

'  '  RB  .  PLT  COEFFICIENTS 

32405.1  135.0 

CRB 

64,9228 

CRT — 
0.0038 

hodel 

PTE1 

PTE2  PHL61  PHLE2  PM-E3  PwT£l  PWTE2 

PWTg3  HYDRAULIC 

psbv 

pslee  psled 

PSTtD 

PRESSURES  1 98  8 , 2  199Q.6  1909,8  T990.5  l999,S  200477  T975.5  I99VTE  PiRES'SU'R'ErS  T957  9~5T7  95®7  96T7 

COEFFICIENTS_Q.0l2l  0.0169  0  *  0154  0.0167  0.0334  0.0451  0.0267 _ 0.0354 _ ; _ 


TUNNEL  FLOOR  P101  P102  P103  PIO4  .  PlOj  CEILING  P106  PIO7  Pl08  P109  PHO 

"pressures  19  9  9 ,8  '  199978  1999.8 - 1999 . 8  '"'1999 . 8  - - 1999  7fl— T99S7ff - 199975 - 1*9978 - 1999 . 8“ 

_ KAjJ_0g _ 1,0Q 8 9 _ 1,0 089  1 .  g 089  1  .QQ69  1,0039 _ 1.D089  1.0089  1,0069  1,0089  1.QQB9 


Table  3.  Tabulated  Data  Nomenclature 


Line  1 
RN 

PN 

PROJECT 

TEST 

DATE 

DAY  HR  MIN 

MODE 

DELPI 

PROD  DATE 
WINDOFF 
SET 
CART 

Line  2 

M 

PT 

P 

Q 

REX10-6 

TT 

TTR 

H 


Run  number  (a  data  subset  containing 
variables  of  only  one  independent 
parameter) 

Point  number  (a  single  record  of  test 
variables ) 

AEDC  project  number 
AEDC  test  number 

Date  on  which  the  data  were  obtained 

SEC  The  day,  hour,  minute,  and  second  the 
data  were  obtained 

Data  mode  code 

Primary  input  detection  and  selection 
mode 

Date  the  data  were  computed 
Wind-off  RUN/PN  used  to  reduce  the  data 
Constant  set  used  to  reduce  data 
Test  cart  number 

Free- stream  Mach  number 
Free-stream  total  pressure,  psfa 
Free-stream  static  pressure,  psfa 
Free-stream  dynamic  pressure,  psf 
Free-stream  unit  Reynolds  number,  per  ft 
Free-stream  total  temperature,  °F 
Free-stream  total  temperature,  °R 
Free-stream  pressure  altitude,  ft 
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Table  3.  Continued 


PC 

DP 

WA 

TPR 

SHxlO+3 

Line  3 
ALP HAM 

ALPHAW 

ALPHA 

DELR 

ALP HA 1 

ALFD 

ALP  HAT 

DEFLT 

DELT 

CBOX 

SWEEP 


Tunnel  plenum  pressure  (used  as  reference 
pressure  for  transducers) ,  psfa 

Differential  pressure  (PT-PC) ,  psf 

Average  test  section  wall  angle,  deg 

Tunnel  pressure  ratio 

Free-stream  specific  humidity,  lb/lb 


Model  angle  of  attack  referenced  to  a  model 
waterline  plane  (positive  nose  toward  tunnel 
floor) ,  deg 

Wing  angle  of  attack  referenced  to  the 
wing  reference  chord  plane  (one  degree 
of  incidence) ,  deg 

Model  pitch  indicator  position,  deg 

Model  deflection  in  the  pitch  plane  due 
to  airloads ,  deg 

Model  angle  of  attack  as  determined  by 
pitch  indicator  and  balance  deflection, 
deg 

Model  angle  of  attack  as  determined  by  a 
model-mounted  angular  position  indicator, 
deg 

Horizontal  tail  position  angle  (positive 
leading  edge  toward  the  floor) ,  deg 

Horizontal  tail  deflection  due  to  air¬ 
loads  (positive  leading  edge  toward  the 
floor) ,  deg 

Total  horizontal  tail  deflection  angle, 
deg 

Constant  box  output 
Wing  sweep  angle,  deg 


17 


Table  3.  Continued 


Line  4 
All  +.A26 
Line  5 
CNU 
CAU 

CN 

CA 

CLL 

CLM 

CLN 

CAC 

CAP 

Line  6 

CL 

CD 

CLLS 

CLMS 

CLNS 

CDU 

CDI 

CDP 

Line  7 
DRl  +  DR6 


Wing  actuator  positions  in  counts 

Balance  normal-force  coefficient,  fore e/QS 
Balance  axial-force  coefficient,  force/QS 
Body  Axis  System 

Normal-force  coefficient,  force/QS 

Axial-force  coefficient,  force/QS 

Rolling-moment  coefficient,  moment  QSb 

Pitching-moment  coefficient,  moment/QSc 

Yawing-moment  coefficient/  moment/QSb 

Axial-force  coefficient  corrected  for 
plug  axial  force  (CA-CAP) ,  force/QS 

Plug  axial-force  coefficient,  force/QS 

Stability  Axis  Sysrem 

Forebody  lift  coefficient,  force/QS 

Forebody  drag  coefficient,  force/QS 

Rolling-moment  coefficient,  moment/QSb 

Forebody  pitching-moment  coefficient, 
moment/QSc 

Yawing-moment  coefficient,  moment/QSb 

Forebody  drag  coefficient  not  corrected 
for  duct  induced  drag,  force/QS 

Internal  duct  drag  coefficient,  force/QS 

Plug  drag  coefficient,  force/QS 

Balance  differential  readings  (wind-on  minus 
wind-off) ,  volts 
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Table  3.  Continued 


Line  7  - 

continued 

LI  ■*  L6  • 

Balance  gage  loads,  lb  or  in. -lb 

FNST+MNST 

Static  tare  forces  and  moments,  balance 

axis,  lb  or  in. -lb 

Line  8 

FNG-MNG 

Gross  forces  and  moments,  balance  axis, 
lb  or  in. -lb 

FN  MN 

Net  forces  and  moments,  balance  axis, 
lb  or  in. -lb 

FNAC-*MNAC 

Net  forces  and  moments,  model  axis  system 
lb  or  in. -lb 

Line  9 


RBRMS 

Root-mean- square  of  the  wing  root 
bending  moment,  referenced  to  buttock 
line  9.716  in.,  in, -lb 

AWRMS 

Root-mean- square  of  the  wing  tip 
accelerometer,  g’s 

RB 

Wing  root  bending  moment,  in. -lb 

MLT 

Horizontal  tail  hinge  moment,  in. -lb 

CRB 

Wing  root  bending  moment  coefficient 

CHT 

Horizontal  tail  hinge  moment  coefficient 
MLT/Q (AT) BT 

Line  10 


PTE1 

-PTE2 


PWLE1+3 


Wing  surface  static  pressures,  and 
pressure  coefficients,  located  near 
trailing  edge  at  midspan,  psfa  for 
pressures 

Internal  leading  edge  wing  static  pres¬ 
sures,  and  pressure  coefficients,  psfa 
for  pressures 
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Table  3.  Concluded 


Line  10  -  Continued 


PWTEL->3 

Internal  trailing  edge  wing  static  pres¬ 
sures,  and  pressure  coefficients,  psfa 
for  pressures 

PSBV 

Blocking  valves  supply  pressure,  psi 

PSLEE 

Leading  edge  extension  actuator  supply 
pressure,  psia 

PSLED 

Leading  edge  deflection  actuator  supply 
pressure,  psia 

PSTED 

Trailing  edge  deflection  actuator  supply 
pressure,  psia 

Line  11 

\ 

P101  ->*  P110 

Tunnel  floor  and  ceiling  surface  static 
pressures,  psfa.  Ratios  are  ratioed  to 
free-stream  static  pressure 
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